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ABSTRACT 
Immature permanent teeth may develop pulpal pathosis due to caries or 
trauma and preserving these young teeth is quintessential. The general consensus for 
clinical treatment of immature teeth with non-vital pulps is Apexification. However, 
this treatment modality does not result in further root development and increase 
incidence of root fractures in teeth after apexification.  
Regenerative Endodontics has been defined as biologically based procedures 
designed to replace damaged structures such as dentin, root structures, and cells of the 
pulp-dentin complex. The advantages of pulp revascularization lie in the possibility of 
further root development and reinforcement of dentinal walls by deposition of hard 
tissue, thus strengthening the root against fracture.  
This retrospective study evaluated treated cases by regenerative endodontic 
procedures performed by Endodontists/endodontic residents in the United 
States/Canada with a minimum of 1-year recall. The participating Endodontists 
evaluated the regeneration success parameters as defined by the AAE and filled out a 
Data Collection Form for each patient.  
27 of the 28 submitted cases showed absence of clinical symptoms and apical 
resolution of pathology at the time of one year follow up; 19 cases showed increase in 
the root width; 15 cases showed increase in the root length; However none of the 
cases showed any positive response to pulp vitality tests.  
	v		
The results obtained	 are	 promising	 and	 prove	 that	 pulp	regeneration/revascularization	 is	 indeed	 a	 viable	 treatment	 option.	 Further	investigation	should	be	considered	with	a	larger	sample	size	for	a	valid	statistical	analysis. 
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INTRODUCTION 
Root development commences after the completion of enamel formation, when 
the cervical loop does not exist (Hargreaves & Cohen, 2011). The completion and 
closure of the apex occurs up to 3 years after eruption of the tooth (Bhaskar, 1991). 
During this period, any pulpal injury that requires intervention would pose a 
significant challenge to the clinician in terms of treatment.  
Depending upon the vitality status of the pulp, two treatment options are 
possible; Apexogenesis or Apexification. In 2012, the American Association of 
Endodontics defined Apexogenesis as a ‘vital pulp therapy’ performed to encourage 
continued physiological development and formation of the root end. Apexification, on 
the other hand, is a method to induce a calcified barrier in a root with an open apex or 
the continued apical development of an incompletely formed root in teeth with 
necrotic pulps (Frank, Rabinowitch, & Rutherford, 1966) 
Trauma and dental caries are one of the most common challenges to the 
developing teeth (Witherspoon, 2008)(J. O. Andreasen, 1985). Some developmental 
anomalies, such as Dens invaginatus or Dens evaginatus can also be implicated in 
causing pathology of immature teeth.  
Dens invaginatus is an invagination of the tooth structure (enamel or root) lined 
by enamel in the coronal aspect but may be only lined by dentin in more apical regions 
(Hovland & Block, 1977). The incidence of dens invaginatus has been reported to be 
in the range of 0.04%-10%, with the upper lateral incisors most commonly involved 
(Rotstein, Stabholz, Heling, & Friedman, 1987).  
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The anomalous talon cusp or dens evaginatus is composed of normal enamel 
and dentin with varying extensions of pulp tissue. Shay reported that pulp tissue can 
extend to the center of the tubercle and, once fractured, the pulp is exposed (Shay, Lee, 
& Lee, 1984). Typically it occurs in mandibular premolar teeth (Levitan & Himel, 
2006).  
Maintenance of pulp vitality in immature permanent teeth allows for complete 
physiological root development (Witherspoon, 2008). Clinical and radiographic 
evaluations are crucial to determine the stage of the root development, history of 
pathosis and pulp vitality (Shahrokh, Shabahang, 2013).  
When clinical diagnosis advocates vital pulp, Apexogenesis is the suggested 
treatment, as it will allow a continued root development. Traditionally Apexogenesis 
involves removal of the inflamed pulp and the placement of calcium hydroxide on the 
remaining healthy pulp tissue. Depending upon the extent of the inflammation, pulp 
capping, shallow pulpotomy, or conventional pulpotomy may be indicated (Shahrokh 
Shabahang, 2013).  
When pulpal necrosis (or nonvital pulp) occurs, the pulpal blood supply is 
nonexistent and the pulpal nerves are non- functional. This condition is subsequent to 
symptomatic or asymptomatic irreversible pulpitis. After the pulp becomes completely 
necrotic, the tooth will typically become asymptomatic until such time that symptoms 
develop as a result of extension of the disease process into the periradicular tissues.  
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After the pulp becomes necrotic, bacterial growth can be sustained within the 
canal. When this infection (or the bacterial toxins from this infection) extends into the 
periodontal ligament space, the tooth may become symptomatic to percussion or 
exhibit spontaneous pain (Hargreaves & Cohen, 2011). 
There are several procedures designed to treat the incompletely formed root 
that undergoes necrosis. The major problem in cases of a wide-open apex is the need 
to limit the material within the canal thus avoiding the extrusion of beyond the apical 
foramen. Therefore, apical barriers may be necessary in cases with immature apical 
development (Schilder & Hargreaves, 2006).  
Calcium hydroxide Apexification has been the treatment of choice in necrotic 
immature teeth. It serves the goal of this treatment by providing a hard tissue barrier 
apically to facilitate root canal filling. It has the advantage of being free of bacterial 
contamination and may provide a better, although imperfect, apical seal (Weisenseel, 
Hicks, & Pelleu, 1987). Since its introduction in 1920 (Hermann 1920), Calcium 
Hydroxide has been widely used in endodontics. It is a strong alkaline substance, 
which has a pH of approximately 12.5. In an aqueous solution, calcium hydroxide 
dissociates into calcium and hydroxyl ions. Most of the endodontic pathogens are 
unable to survive in the highly alkaline environment provided by calcium hydroxide 
(Heithersay, 1975). Several studies have demonstrated that calcium hydroxide exerts 
lethal effects on bacterial cells (Bystrom et al., 1985; Stuart et al., 1991). These effects 
were observed only when the substance was in direct contact with bacteria in solution. 
 Ji et al 2010 examined the relationship between calcium hydroxide and the 
recruitment, proliferation, and mineralization of postnatal dental stem cells, obtained 
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from an immature dental tissue of beagle dogs. It was biochemically and 
physiologically evident that calcium hydroxide increased the recruitment, migration, 
proliferation, and mineralization of the dental pulp stem cells (DPSCs) and periodontal 
ligament stem cells (PDLSCs) (Ji et al., 2010). 
However because of its high pH, Calcium Hydroxide will also necrose tissue in 
immediate contact with it by destroying cells with the potential to differentiate into 
new pulp (Banchs & Trope, 2004). Therefore, there is no expectation of continued root 
development or increased root thickness with the use of calcium hydroxide therapy.  
The downside of calcium hydroxide apexification is that it requires multiple 
appointments over a period of months, patient compliance, unpredictability of 
formation of an apical seal and increased susceptibility to cervical fracture (Andreasen, 
Farik, & Munksgaard, 2002; Doyon, Dumsha, & von Fraunhofer, 2005). Further, 
completion of endodontic therapy is typically delayed until full closure of root-end. 
Recently, a new technique has been proposed to decrease the time to create a 
bridge at the apex. Mineral trioxide aggregate (MTA) was introduced and suggested as 
a material for apical plug. In vivo, MTA was used on dog model with open apices and 
was found to form consistent barrier formation (S Shabahang, Torabinejad, Boyne, 
Abedi, & McMillan, 1999). In several studies, using MTA as an apical plug for 
immature teeth showed favorable clinical and radiographic outcomes (Holden, 2008); 
(Moore & Al, 2011).  
After disinfection of the canal, MTA is placed in the apical third of the 
immature root to create a stop for the filling material (Hachmeister, Schindler, Walker, 
& Thomas, 2002). This technique will also not allow new tissue to grow into the root 
canal, and the root remains thin and weak. A tooth with this kind of thin root dentin 
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and large canal lumen is still prone to fracture (Cvek, 1992).  
Another relatively newer option for treating immature teeth with pulp necrosis 
involves regenerative techniques including Revascularization/Regeneration 
(Hargreaves et al, 2008). There have been sporadic case reports in the literature 
showing the potential of root maturation even with the presence of periradicular 
pathosis of endodontic origin (Rafter et al., 2005) .These recent reports challenge 
the traditional approach in managing immature teeth by applying apexification 
treatment, where there is little to no expectation of continued root development. 
Instead, it is possible that alternative biologically based treatments may promote 
apexogenesis/maturogenesis. Although Iwaya et al. and Banchs and Trope applied the 
term “revascularization” to describe this phenomenon, what actually occurred was 
physiological tissue formation and regeneration.  
The histological background for revascularization found a new population of 
mesenchymal stem cells residing in the apical papilla of permanent immature teeth   
termed stem cells from the apical papilla (SCAP). These stem cells appear to be the 
source of odontoblasts that are responsible for the formation of root dentin (Huang et 
al., 2008). Tissue injury or inflammation/infection is able to cause homing of 
mesenchymal stem cells to the wound site (Karp & Teo 2008, Rustad & Gurtner 
2012), Whether these stem cells are activated by the low-grade inflammation to 
undergo osteogenic differentiation is unclear at present (Huang, 2009). Accordingly, 
the new odontoblasts would continue to produce dentin to promote maturation of the 
tooth. This implicates that stem cells capable of differentiating into odontoblasts were 
introduced into the canals after revitalization procedures (Lin, Ricucci, & Huang, 
2014).  
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Advantages of revascularization include continued increasing thickness of the 
canal walls, apical root development, and apical closure (Shah, Logani, Bhaskar, & 
Aggarwal, 2008). Although these advantages are gaining much attention in clinical 
endodontics, one has to keep in mind the histology of the pulp-dentin complex. It was 
speculated that the pulp tissue was regenerated in the canals after revitalization 
procedures of immature permanent teeth with apical periodontitis. However, animal 
and human studies revealed that the tissues formed in the canals were cementum, or 
bone-like tissue and fibrous connective tissue similar to periodontal ligament (Lin et 
al., 2014). 
Some rare clinical cases reports also proved this finding in clinical trials. A 
case report done by Torabinejad et al., 2011 showed great promise to applying the 
regenerative procedures in necrotic immature teeth (Torabinejad & Turman, 2011). 
Their young patient had a tooth with an open apex, short diverging and thin root canal 
walls, a necrotic pulp, and a periapical lesion. They used 5.25% NaOCl as an 
intracanal irrigant and triple antibiotics as an intracanal medicament to disinfect the 
root canal of this tooth. Like many recent cases MTA was placed over the blood clot to 
isolate the root canal from the external surface of the tooth and create a hard tissue 
barrier at its contact point with the blood clot. It might have also provided signaling 
molecules for the growth of stem cells (Torabinejad & Parirokh, 2010). They observed 
continued thickening of the dentinal walls, root lengthening, and apical closure in 5 1/2 
months. Furthermore, when tested, their patient reported positive responses to cold and 
EPT (Torabinejad & Turman, 2011). 
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Another case report done by Peng et al., 2017 showed a clear boundary 
between newly formed dentin like tissue and the primary dentin. The newly formed 
dentin like tissue exhibited a similar structure as the primary dentin on the histological 
section (Peng et al., 2017) (Fig. 1). 
 
 
C	
B	A	
Figure 1. Hematoxylin-eosin staining of extracted revascularized tooth#29. (A) A detailed view of 
the apical third of the root. The canal was filled with newly formed dentinlike and pulplike tissue. 
(B) A high magnification of the rectangular area from A. There was a clear line composed by the 
reparative dentin between the newly dentinlike tissue and the previous dentin. (C) A high 
magnification of the rectangular area from B. Flattened odontoblastlike cells lined along the newly 
formed dentinlike tissue.  
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This Revascularization technique involves copious irrigation with diluted 
sodium hypochlorite (NaOCl), 17% EDTA, minimal canal preparation, and the use of 
anti-microbial agents inside the canal as interim medication (AAE Clinical Guidlines, 
2015).  
At a subsequent visit bleeding is induced in the canal to induce a clot that is 
covered with MTA or Bioceramic Putty. When the MTA is set a definitive restoration 
can be placed to ensure a coronal seal (Banchs & Trope, 2004).  
Sealing ability, cytotoxicity, and biocompatibility of bioceramic materials are 
comparable to MTA (Mozayeni, Milani, Marvasti, & Asgary, 2012). MTA is 
biocompatible; demonstrates the least leakage; a substrate for osseous and cementum 
growth, sets in presence of moisture/blood (Torabinejad & Parirokh, 2010).  
Unlike MTA, the surface characteristics of set bioceramic materials are similar 
to human dentin, which has the ability to promote hydroxyapatite formation even in 
normal saline solution and might promote the process of differentiation in stem cells 
and induce hard tissue formation (Asgary, Eghbal, & Parirokh, 2008; Mozayeni et al., 
2012). 
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In 2001, the first case treated with this approach was documented (Iwaya, 
Ikawa, & Kubota, 2001). An immature mandibular second premolar with an intraoral 
sinus tract was free of caries, but fracture of the central cusp was noted on clinical 
inspection (Iwaya et al., 2001). After revascularization, the tooth responded to the 
treatment and continued root development and apical closure were confirmed (Fig. 2).  
 
In 2009, another retrospective study was done and showed that using intracanal 
medicaments for revascularization in immature teeth such as calcium hydroxide and 
triple antibiotic paste can help promote further development of the pulp-dentin 
complex (Bose, Nummikoski, & Hargreaves, 2009).  However, there is still minimum 
documentation on the long-term success.  
 
(A)	 (B)	 (C)	
Figure 2. (A) Preoperative radiograph of mandibular right second premolar with incomplete apex and periapical 
radiolucency. (B) 5 months after application of calcium hydroxide, dentin bridge formation is observed. (C) 30-
months postoperatively, completion of the root apex and increase in the thickness of the canal wall was observed. 
(Figure from Iwaya et al., 2001) 
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The aim of this retrospective case series was to report the outcome of 
regenerative endodontic procedures performed by Board Certified/Eligible 
Endodontists/endodontic residents in private practice or in academic settings in the 
United States/Canada with Pre op and Post op recalls for a minimum of 1 year with 
radiographs on immature necrotic permanent teeth. 
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MATERIALS AND METHODS 	
This was a retrospective study looking back at chart reviews of patients that 
underwent regenerative endodontic procedures in the United States and Canada 
approved by Boston University Board of IRB with study identification number #H-
36009.  
The participating Endodontists/endodontic residents were asked to fill out a 
Data Collection Form for each patient and submit it with all the associated radiographs 
for each patient. 
 Patient’s identification was masked in accordance with the Health Insurance 
Portability and Accountability regulations (HIPAA). 
Patient’s selection followed a pre-determined criterion that is listed below. All 
the data was saved on a password protected BU Dental Computer in the Department of 
Endodontics. 
Each case that fulfilled the following criteria was included in the outcome analysis:  
1) An immature permanent tooth with a clinical diagnosis of necrotic pulp with or 
without apical pathosis  
2) A tooth treated with revascularization following the American Association of 
Endodontics (AAE) guidelines  
3) Preoperative radiograph and a minimum of one year follow up radiograph  
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The preoperative radiographs were evaluated for immature apices, presence of 
apical radiolucency, shape of the canal and any other variations. Patient’s age, 
ethnicity, sex and medical insurance were also recorded.  
Further, presence or absence of clinical symptoms at the time of diagnosis, 
treatment and follow-up periods and a detailed clinical procedure including tooth type 
and location, type of anesthesia used, type of intracanal medicament, choice of 
scaffold and type of capping material were documented.  
 A total of twenty-eight cases of patients between the ages 7 and 15 years met 
the inclusion criteria.  The breakdown of these cases is as follows: 
• 15 cases were treated by Dr. Normand Aubre from Montreal, Canada 
• 6 cases were treated by Dr. Mark Derosiers from Glastonbury, CT 
• 7 cases were treated by residents at the BU Dept. of Endodontics in Boston, 
MA 
The revascularization procedure was completed in 2 visits following the AAE 
guidelines (AAE Clinical Guidlines, 2015) which is as follows. 
The first visit consists of administration of local anesthetic, rubber dam 
isolation and access opening, copious irrigation with of diluted NaOCl with an 
irrigation system that minimizes the possibility of extrusion of irrigants into the 
periapical space.  
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Lower concentrations of NaOCl are used (1.5%, 20 mL/canal for 5 minutes). 
Concentrations of 1.5% NaOCl have been shown to be sufficient in antibacterial 
activity while maintaining stem cell viability. The canal is then irrigated with either 
saline or EDTA (20 mL/canal for 5 minutes) with irrigating needle positioned about 1 
mm from root end, again to minimize cytotoxicity to stem cells in the apical tissues. 
17% EDTA has been shown to improve stem cell adherence to the dentin and 
stimulate stem cell survival.  
After this, minimal or no instrumentation is done and the canal is dried and an 
inter-appointment dressing is placed (calcium hydroxide, double or triple antibiotic 
pastes).  
If the triple antibiotic paste is used consider: 1) sealing the pulp chamber with a 
dentin bonding agent to minimize the risk of staining, 2) mix 1:1:1: ciprofloxacin: 
metronidazole: minocycline to a final concentration of 0.1 mg/ml and 3) Ensuring that 
it remains below CEJ to minimize crown staining.  
The intracanal medicament is delivered into canal system via a syringe. Access 
is sealed with 3-4 mm of a temporary restorative material of either Cavit or glass 
ionomer restoration and the patients are re-appointed to be seen again between 2-4 
weeks. 
At the second appointment, the local anesthetic used is 3% mepivacaine 
without vasoconstrictor. After removal of the temporary filling under rubber dam 
isolation, copious irrigation with 17% EDTA (20 ml) is done, canals dried and a blood 
clot is induced with a pre-curved size 10 K-file at 2mm past the apical foramen with  
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the goal of having the entire canal filled with blood to the level of the cement-enamel 
junction.  
After the blood clot is formed, 3-4 mm of restorative material of either 
Bioceramic Putty or MTA is placed and the access opening is sealed 3-4 mm layer of 
glass ionomer. 
 During the follow up appointment, both clinical and radiographic examinations 
were done. Clinical exam included presence or absence of symptoms, sinus tract, soft 
tissue swelling, and pulp vitality testing. On the radiograph, resolution of the apical 
radiolucency, increased in the width of the root wall and root length was recorded.  
The majority of the follow-up period ranged between 3 months and 3 years. 
 The outcome was assessed by the research resident and based on two different 
measurements.   
The first measurement was based on three parameters of success as defined by the 
AAE;  
1) Absence of clinical signs and symptoms  
2) Radiographic healing of apical periodontitis and evidence of increased root wall 
thickness and/or increased root length 
3) Positive response to vitality testing.  
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The second measurement was assessed based on the radiographic and clinical 
healing of apical periodontitis (Bukhari, Kohli, Setzer, & Karabucak, 2016). Each case 
was given one of the following criteria at follow up (Fig. 3): 
1. Complete healing; absence of clinical signs and symptoms, complete resolution 
of apical radiolucency, increased in width/length of the root 
2. Incomplete healing; absence of clinical signs and symptoms, complete 
resolution of apical radiolucency; no radiographic signs of increased 
width/length of the root 
3. Failure; persistent clinical symptoms, persistent or increased in the size of the 
apical radiolucency 
 
		
16	
  
C	
D	
E	
F	
Figure 3. Healing categories.  
(A) & (B) Example of complete healing.  
(C) & (D) Example of incomplete healing.  
(E) & (F) Example of Failure.  
A	
B	
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RESULTS 
The chart review resulted in 28 cases meeting the inclusion criteria. Among 
these cases, 21 cases were anterior teeth, 5 premolars, and 2 molars. Based on the AAE 
success criteria, 26 of the 28 cases (98%) showed absence of clinical symptoms and 
apical resolution at the time of follow up; 19 cases (67.9%) showed increase in the root 
width; 15 cases (53.6%) showed increase in the root length; None of the cases showed 
any positive response to pulp vitality tests. Variables of patient’s demographics and the 
outcome of the study based on the second parameter are summarized in Table 1. Based 
on these variables the following was found: 
 
Age 
23 out of 28 cases (82.1%) were of young male patients with a mean age of 11; 47% of 
those showed complete healing while 8.7% were considered failure. 17.9% (n=5) of 
the cases were female patients of which 60% showed complete healing with no 
failures. 	
Insurance 
Two types of insurances were used; private and public (Medicaid).  21 of the cases 
(75%) used private insurance of those 52.4% showed completed healing. 7 cases used 
the public insurance and 42.9% of those showed complete healing.  
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Tooth Type 
As mentioned previously, 21 (75%) were anteriors; 5 (17.9%) were premolars; and 2 
(7.1%) were molars. Of those, 38.1%, 80% and 100% showed complete healing, 
respectively.  
 
Tooth Location 
The impact of tooth location was also evaluated. It was found that 36.4% of the 
maxillary teeth showed complete healing versus 100% success rate in cases with 
mandibular teeth.  	
Preoperative Symptoms 
The presence of signs and symptoms at the time of treatment was also analyzed; 19 
(67.9%) cases were symptomatic when the revascularization procedure was initiated, 
47.4% of which showed complete healing, whereas 9 (32.1%) cases were 
asymptomatic and had a 55.6% healing rate. 	
Intracanal Medicament  
Three different types of antimicrobial agents were used as an intracanal medicament. 
13 out of 28 cases (46.4%) used CaOH, 11 cases (39.3%) used the double antibiotic 
paste and 4 cases (14.3%) used the triple antibiotic paste. Out of which, 30.8%, 54.6% 
and 100% showed complete healing, respectively. Double antibiotic paste (DAP) 
contained metronidazole and ciprofloxacin while Triple antibiotic paste (TAP) had the 
same components as DAP with the addition of minocycline. 
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Capping Material 
During the follow-up visit, two types of capping materials were used, MTA or 
Bioceramic putty. Of the 28 cases, 16 (57.1%) used MTA and 12 (42.9%) used 
Bioceramic putty. The healing rate was found to be 62.5% and 33.3%, respectively. 
Statistical analysis was not conducted in this study, as the sample size was small.  
  
 VARIABLES N TOTAL COMPLETE 
HEALING 
INCOMPLETE 
HEALING 
FAILURE 
   28 14 13 1 
 Age   11 (7-15) 10.7 (8-15) 10.9 (7-15) 13.0 (11-15) 
Gender Male  23 82.1% 47.8% 43.5% 8.7% 
Female 5 17.9% 60.0% 40.0% 0.0% 
Insurance Private  11 75.0% 52.4% 47.6% 0.0% 
Public (medicaid)  7 25.0% 42.9% 28.6% 28.5% 
Tooth type Anterior  21 75.0% 38.1% 57.1% 4.8% 
Molar  2 7.1% 100.0% 0.0% 0.0% 
Premolar  4 17.9% 80.0% 0.0%  0.0% 
Location Mandibular (lower) 6 21.4% 100.0% 0.0% 0.0% 
Maxillary (upper)  22 78.6% 36.4% 54.6% 9.1% 
Symptoms 
(PRE-OP) 
Absent  9 32.1% 55.6% 44.4% 0.0% 
Present 19 67.9% 47.4% 42.1% 10.5% 
Intracanal 
medicament 
CAOH  13 46.4% 30.8% 53.8% 15.4% 
Triple antibiotic 4 14.3% 100.0% 0.0% 0.0% 
Double antibiotic  11 39.3% 54.6% 45.4% 0.0% 
Capping 
material 
MTA  16 57.1% 62.5% 25.0% 12.5% 
Bioceram  12 42.9% 33.3% 66.7% 0.0% 
Table	1.	A	Summary	of	Patient	Demographics	and	the	Outcome	of	the	Study	
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Using the same variables of patient’s demographics, the outcome of the study 
was analyzed based on success criteria defined by AAE and summarized in (Table 2). 
All cases using double antibiotic paste 39.3% (n=11) and triple antibiotic paste 14.3% 
(n=4) showed complete resolution of apical radiolucency with no clinical symptoms in 
the following visit, whereas cases using calcium hydroxide 46.4% (n=13) showed 
84.6% resolution of apical radiolucency with 7.7% of the cases having symptoms at 
follow-up visit. 	 Cases using Bioceramic putty as a capping material (n=12) showed 100% 
resolution of apical radiolucency with no signs or symptoms at the follow-up visit. On 
the other hand, cases with MTA (n=16), 87.5% of the cases showed resolution of the 
apical radiolucency with 6.2% having symptoms at the time of the follow-up.  
 The impact of presence of pre-operative symptoms was also evaluated. It was 
found that in the absence of pre-operative symptoms 32.1% of the cases (n=9), the 
chances of symptoms in the follow-up visit was 0.00% and complete resolution of 
periapical radiolucency was 100.0%, whereas cases presented with pre-operative 
symptoms 67.9% (n=19) had a higher chance of being symptomatic in the follow-up 
visit 5.3% with 89.5% resolution of periapical radiolucency.  
In addition to that, the types of symptoms were further tabulated. It was found 
that patients presenting with no pre-operative symptoms, had the highest success rates 
of complete resolution of apical radiolucency (100%), increased root thickness (70%) 
and increased root length (50%).  
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On the other hand, patients that presented with a pre-operative sinus tract 
showed lower success rates of complete resolution of apical radiolucency (88.9%), 
increased root thickness (55.5%) and increased root length (44.4%) with one case 
where the patient came back with symptoms within a year. 
	
	
	
		 	
	 VARIABLES	
	
N	 TOTAL	 Symptomati
c	
Radiolucency	
Resolution	
Increased	
Width	
Increased	
Length	
Pulp	
Vitality	
	 	 	 28	 1	(3.6%)	 26	(92.9%	 19	(67.9%)	 15	(53.6%	 0	(0%)	
	 Age	(mean)	 	 11	(7-15)	 11	(11)	 10.8	(7-15)	 11	(8-15)	 10.9	(8-15)	 	
Gender	 Male	 23	 82.1%	 4.4%	 91.3%	 65.2%	 82.1%	 0.0%	
Female	 5	 17.9%	 0.0%	 100.0%	 80.0%	 60.0%	 0.0%	
Insurance	 Private		 21	 75.0%	 0.0%	 100.0%	 71.4%	 57.1%	 0.0%	
Public	(medicaid)	 7	 25.0%	 14.3%	 71.4%	 57.1%	 42.9%	 0.0%	
Tooth	
type	
Anterior		 21	 75.0%	 4.8%	 95.2%	 61.9%	 42.9%	 0.0%	
Molar	 2	 7.1%	 0.0%	 100.0%	 100.0%	 100.0%	 0.0%	
Premolar	 4	 17.9%	 0.0%	 80.0%	 80.0%	 80.0%	 0.0%	
Location	 Mandibular		 6	 21.4%	 0.0%	 100.0%	 100.0%	 100.0%	 0.0%	
Maxillary		 22	 78.6%	 4.6%	 90.9%	 59.1%	 40.9%	 0.0%	
Symptoms	 Absent	 9	 32.1%	 0.0%	 100.0%	 77.8%	 55.6%	 0.0%	
Present	 19	 67.9%	 5.3%	 89.5%	 63.2%	 52.6%	 0.0%	
Intracanal	
med	
CAOH	 13	 46.4%	 7.7%	 84.6%	 61.5%	 38.5%	 0.0%	
Triple	antibiotic		 4	 14.3%	 0.0%	 100.0%	 100.0%	 100.0%	 0.0%	
Double	antibiotic	 11	 39.3%	 0.0%	 100.0%	 63.6%	 54.6%	 0.0%	
Capping	
material	
MTA		 16	 57.1%	 6.2%	 87.5%	 75.0%	 62.5%	 0.0%	
Bioceram	 12	 42.9%	 0.0%	 100.0%	 58.3%	 41.7%	 0.0%	
Symptoms	 Pain	on	biting	 1	 3.5%	 0.0%	 1(100.0%)	 1(100.0%)	 1(100.0%)	 0.0%	
Pain	on	
Percussion	
4	 14.2%	 0.0%	 4(100.0%)	 4(100.0%)	 3(75%)	 0.0%	
Pain	with	cold	 3	 10.7%	 0.0%	 3(100.0%)	 3(100%)	 1(33.3%)	 0.0%	
Swelling	 1	 3.5%	 0.0%	 1(100.0%)	 1(100.0%)	 1(100.0%)	 0.0%	
Sinus	Tract	 9	 32.1%	 1(11.1%)	 8(88.9%)	 5(55.5%)	 4(44.4)%	 0.0%	
No	symptoms	 10	 35.7%	 0.0%	 10(100.0%)	 7(70%)	 5(50%)	 0.0%	
Table	2.	A	Summary	of	the	patient’s	Demographics	and	the	Outcomes	of	the	Study	Based	on	AAE	
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Healing Criteria 
  As mentioned previously, in the current study the success was assessed using 
the radiographic healing of the apical periodontitis, the clinical signs and symptoms, 
and the radiographic signs of continued root development in the form of increased root 
length and/or width. The healing categories were classified into: complete healing, 
incomplete healing and failure. Each case was assigned one of these categories at the 
time of follow up. Table 2 summarizes the total number of cases, the clinical and 
radiographic findings and the outcome of the revascularization process based on the 
previous categories. It was found that a total of 14 cases (50%) showed complete 
healing; 13 cases (46.4%) incomplete healing and 1 case  (3.57%) was assigned as 
failure. None of the cases showed positive response to pulp vitality testing at the time 
of the follow-up visit.  
Symptomatic Radiolucency 
Resolution 
Increased 
Width 
Increased 
Length 
Pulp 
Vitality 
N (%) 
 
Healing Categories  
0 0 0 0 0 1 (3.6)- Failure 
0 1 0 0 0 6 (21.4) Incomplete healing 
0 1 0 1 0 1 (3.6) Incomplete healing 
0 1 1 0 0 5 (17.9) Incomplete healing 
0 1 1 1 0 14 (50) Complete healing 
1 0 0 0 0 1 (3.6) Failure 
Table	3.	A	Summary	of	the	radiographic	and	Clinical	Findings	and	the	Outcomes	
* 0 represents the absence  
* 1 represents the presence 
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DISCUSSION 
Regenerative Endodontics as defined by the AAE, is a biologically based 
procedure designed to physiologically replace damaged tooth structure, including 
dentin and root structures, as well as cells of the pulp-dentin complex. Because of the 
promising radiographic and clinical outcome of the revascularization procedures, 
several case reports and series on endodontic regeneration involving necrotic immature 
permanent teeth have been published.  
The current study attempts in part to follow a recently published paper 
(Bukhari et al., 2016) on assessing the outcome of regenerative procedures based on 
criteria that would fulfill both the healing process of periapical periodontitis and the 
continuation of root development demonstrated as one or all of the following: 
increases root length, increases dentinal wall thickness, and/or apical closure (Bukhari 
et al., 2016).  
The criteria for a successful regenerative endodontic procedures presented in 
this study were evaluated using two different parameters.  
AAE CRITERIA  
Goals defined and accepted by AAE and this is categorized into primary, 
secondary and tertiary goals. The primary goal is defined as the elimination of signs 
and symptoms at the recall visit, the secondary goal being evidence of continued root 
development, which is recognized as increase in root length and/or thickness, and the 
tertiary goal is a positive response to vitality testing.   
When our results were evaluated based on the AAE’s criteria, data revealed 
that the primary goal was achieved in 96.4% of the cases, 67.9% of cases showed 
increase in root width, 53.6% of cases had an increase in root length, those two 
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fulfilling the secondary goal. The tertiary goal was not achieved in any of the cases 
(0.00%). 
HEALING CRITERIA 
The second parameter assessed the outcome with three different categories: 
complete healing, incomplete healing, and failure. Complete healing was defined as 
the absence of clinical signs and symptoms,	 complete resolution of apical 
radiolucency, increased in width/length of the root. Incomplete healing was defined as 
absence of clinical signs and symptoms, complete resolution of apical radiolucency 
with no radiographic signs of increased width/length of the root. Finally, failure was 
defined as persistent clinical symptoms, persistent or increases in the size of the apical 
radiolucency. 
Analyzing our data using success categories defined by Bukhari et al. 2016; 14 
cases (50%) showed complete healing; 13 cases (46.4%) incomplete healing and 1 
case  (3.57%) was assigned as failure.  
Incomplete healing process showed a considerable decrease in the size of the 
apical radiolucency fulfilling at least one goal, which is rendering the patient symptom 
free and functional. Additional follow-ups for the incomplete healing cases are 
recommended and may lead to an increase in the success rate.  
Failed cases with persistent symptoms should be re-evaluated for further 
treatment. If the overall treatment plan allows, a second attempt for regenerative 
treatment or apexification should be considered to treat the persistent apical 
periodontitis, maintain the patient symptom free and saving the patient’s dentition.  
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INTRA-CANAL MEDICAMENT 
All cases using double and triple antibiotic pastes showed complete resolution 
of apical radiolucency with no clinical symptoms in the following visit, whereas cases 
using calcium hydroxide considerable reduction in apical radiolucency but not 
completely resolved with 7.7% of the cases having symptoms at follow-up visit (Table 
2).  
Similar results were found by Taneja et al 2010. In this case series, calcium 
hydroxide was used for disinfection, and even though in each visit the dressing was 
changed, symptoms were not relieved and the treatment protocol was changed and a 
triple antibiotic paste was used instead for 3-months with refreshment of the past every 
month. After its application, the symptoms resolved.  
In another case report by Er et al., 2007, calcium hydroxide was used as the 
dressing material for the treatment of a tooth with dens invaginatus that was associated 
with a large periradicular lesion. The periradicular lesion was enlarged; therefore a 
triple antibiotic paste was used next, and this paste produced successful clinical results. 
Hoshino et al. (1996) studied the antibacterial effect of the triple antibiotic 
paste on microorganisms from infected root canal walls. The result of this study shows 
the significance of drug combination within the TAP and its role to eradicate bacteria 
from the infected dentine of root canals (HOSHINO et al., 1996). 
In terms of root length, Bose and Hargreaves found that Calcium Hydroxide 
and triple antibiotic paste, when used as an intracanal medicament in immature 
necrotic teeth, could help promote further development of the pulp-dentin complex. 
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Triple antibiotic paste and calcium hydroxide produced significantly greater increases 
in root length than either the MTA apexification or NSRCT control groups.  
In terms of root width, triple antibiotic paste produced significantly greater 
differences in root wall thickness than calcium hydroxide. When Calcium hydroxide 
was radiographically restricted to the coronal half of the root canal system, it produced 
better results than when it was placed beyond the coronal half (Bose et al., 2009).  
CAPPING MATERIAL 
   During the regenerative procedure and after disinfection of the canal, a blood 
clot is formed by inducing bleeding using a k-file into the canal. Once the blood clot is 
formed, a capping material of either Bioceramic putty or MTA is used. In the current 
study, cases with Bioceramic putty showed complete resolution of apical radiolucency 
with no signs or symptoms at the follow-up visit. On the other hand, cases with MTA 
showed considerable reduction in the size of the apical radiolucency but not 
completely resolved with 6.2% having symptoms at the time of the follow-up (Table 
2). 
Another variable considered in this study was the presence or absence of signs 
and symptoms at the time of treatment. It was found that in the absence of pre-
operative symptoms the chances of symptoms in the follow-up visit were far less than 
cases presented with pre-operative symptoms. Further, cases with no symptoms at the 
time of diagnosis showed complete resolution of periapical radiolucency compared to 
cases presented with symptoms prior to treatment. 
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The impact of several prognostic factors was analyzed (Table 1 & 2) but 
because of the small sample size, no statistical significance could be drawn and hence 
the results should be interpreted cautiously.  
 The reason for the failure of the procedure couldn’t be clearly identified; 
During the regenerative procedure of one case, the bleeding couldn’t be induced 
beyond the CEJ and thus the MTA barrier was not placed in touch with the blood clot 
which could be attributed to the failure (Case 28).  
 
OTHER CONSIDERATIONS 
Most clinicians still remain hesitant on performing regenerative procedures for 
various reasons. One reason is that up until recently there was no standardized ADA 
code for billing for Regenerative procedures. 
Another reason is that compliance is a major factor in success for regenerative 
procedures. Most of the patients in this study had private insurance, with very few on 
state insurance, perhaps because compliance is better with private insurance patients. 
Since most patients that fit the criteria for regenerative procedures are children, 
these patients are either seen by pediatric dentists or at children’s hospitals where there 
are often no endodontists on staff or where the pediatric dentists are hesitant on 
performing endodontic procedures. 
Conversely, most endodontists are also hesitant on seeing very young patients 
in their clinics because of their apprehension on behavioral management of these 
children. 
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Lastly, all endodontists/pediatric dentists who want to perform regenerative 
procedures should use the AAE guideline on Regeneration which is readily available 
online on their official website.  
           By following the AAE guidelines and having stringent selection criteria, there is 
now enough data present to signify that success is high amongst 
Regenerative/Revascularization procedures and that ultimately our goal of saving teeth 
can be realized when ideal treatment based on scientific evidence is followed.  		
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LIMITATIONS AND FUTURE STUDIES 
Within the scope of this retrospective study, a few limitations were outlined to 
help aid in future studies. 
           Since we only had a sample size of twenty-eight cases, it was hard to justify a 
valid statistical analysis, which in turn would have helped determine what studied 
variables have a major impact on the outcome of the procedure.  A larger sample 
would have indeed helped us achieve that. 
Also, the clinical procedure followed was not standardized among the Board 
Certified/Eligible endodontists/endodontic residents in private practice or in academic 
settings in the United States/Canada.  
To address these concerns and to expand on the already proven success of 
regenerative procedures, a prospective study should be designed that involves a 
cohesive partnership between the departments of Endodontics and Pediatric Dentistry 
to guarantee optimum treatment to these patients with a more standardized treatment 
protocol and outcome criteria that will allow for an accurate comparison among the 
presented variables. 
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CONCLUSION 	
Within the limitations of this retrospective study, the following conclusions can 
be drawn that demonstrate the success of regenerative endodontic procedures in the 
treatment of necrotic immature permanent teeth with open apices. 
First it was found that based on the response from all endodontists in this study, 
Apexification was their preferred alternate treatment to 
Regeneration/Revascularization.  
 Second, cases in which double antibiotic paste or triple antibiotic paste were 
used as intra-canal medicaments showed higher percentage of resolution of apical 
radiolucency and clinical symptoms than cases where Calcium Hydroxide was used 
instead. 
 Third, cases where Bioceramic putty was used as a capping material showed 
better resolution of apical radiolucency with no signs or symptoms at the follow-up 
visit compared to cases where MTA was used as a capping material instead. 
 Lastly, it was found that patients without any pre-operative symptoms had a 
higher success rate and complete resolution of periapical radiolucency compared to 
patients that presented with symptoms at the time of diagnosis.  
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APPPENDIX A 
   
  
  	
  	
 
 
  
Case 1. Complete healing category. Maxillary left lateral incisor of a 12 years old male with history of pain on 
biting. Apical radiolucency completely resolved with considerable root growth in length and thickness (A) Pre-
operative periapical radiograph. (B) Initiating bleeding for blood clot formation. (C) Biocermaic placement as a 
capping material at 3 weeks follow-up. (D) Follow-up radiograph at 12 months. (E) Follow-up radiograph ay 24 
months. 
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APPENDIX B 
  
Case 2. Incomplete healing category. Maxillary left central incisor of a 15 years old female with history of pain 
with cold. Size of apical radiolucency considerably decreased but not completely resolved with slight increase in 
the root wall width only. (A) Pre-operative periapical radiograph. (B) Initiating bleeding for blood clot 
formation. (C) Biocermaic placement as a capping material at 3 weeks follow-up. (D) Follow-up radiograph at 
12 months.  
A	 B	 C	 D	
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APPENDIX C 
  
A	 D	C	B	
Case 3. Incomplete healing category. Maxillary left central incisor of a 14 years old male with history of pain 
with cold. Size of apical radiolucency considerably decreased but not completely resolved with slight increase in 
the root wall width only. (A) Pre-operative periapical radiograph. (B) Initiating bleeding for blood clot 
formation. (C) Biocermaic placement as a capping material at 3 weeks follow-up. (D) Follow-up radiograph at 
12 months.  
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APPENDIX D 
  
A	 D	C	B	
Case 4. Complete healing category. Maxillary left central incisor of a 9 years old male. Apical radiolucency 
completely resolved with considerable root growth in length and thickness. (A) Pre-operative periapical 
radiograph. (B) Initiating bleeding for blood clot formation. (C) Biocermaic placement as a capping material at 4 
weeks follow-up. (D) Follow-up radiograph at 12 months.  
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APPENDIX E 
  
A	 D	C	B	
Case 5. Complete healing category. Maxillary left central incisor of a 14 years old Female. Apical radiolucency 
completely resolved with considerable root growth in length and thickness. (A) Pre-operative periapical 
radiograph. (B) Initiating bleeding for blood clot formation. (C) MTA placement as a capping material at 3 
weeks follow-up. (D) Follow-up radiograph at 12 months.  
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APPENDIX F 
  
A	 C	B	
Case 6. Incomplete healing category. Maxillary left central incisor of a 10 years old male. Apical radiolucency 
completely resolved with considerable root growth in width only. (A) Pre-operative periapical radiograph. (B) 
Initiating bleeding for blood clot formation. (C) MTA placement as a capping material at 2 weeks follow-up. (D) 
Follow-up radiograph at 12 months.  
D	
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APPENDIX G 
  
A	 C	B	
Case 7 & 8. Incomplete healing category. Maxillary right central and lateral incisors of a 10 years old male. Size 
of apical radiolucency considerably decreased but not completely resolved with slight increase in the root wall 
thickness in the central incisor only. (A) Pre-operative periapical radiograph. (B) Bioceramic placement as a 
capping material in the central incisor at 4 weeks follow-up. (C) Follow-up radiograph at 3 months. (D) Follow-
up radiograph for both central and lateral incisors at 12 months follow-up. 
D	
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APPENDIX H 
 
  
Case 9. Complete healing category. Mandibular right second premolar of a 12 years old female with history of 
pain on percussion. Apical radiolucency completely resolved with considerable root growth in width and 
thickness. (A) Pre-operative periapical radiograph. (B) Initiating bleeding for blood clot formation. (C) MTA 
placement as a capping material at 4 weeks follow-up. (D) Follow-up radiograph at 12 months.  
A	 C	B	
D	
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APPENDIX I 
 
  
Case 10. Complete healing category. Mandibular left first molar of an 8 years old female with history of buccal 
swelling. Apical radiolucency completely resolved with considerable root growth in width and thickness. (A) 
Pre-operative periapical radiograph. (B)&(C) MTA placement as a capping material at 4 weeks follow-up. (D) 
Follow-up radiograph at 12 months.  
A	 C	B	
D	
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APPENDIX J 
 
  
A	 C	B	 D	
E	
Case 11. Incomplete healing category. Maxillary left central incisor of an 11 years old male with history of sinus 
tract. Size of apical radiolucency considerably decreased but not completely resolved with slight increase in the 
root wall thickness only. (A) Pre-operative periapical radiograph. (B) Initiating bleeding for blood clot 
formation. (C) MTA placement as a capping material in the central incisor at 4 weeks follow-up. (D) Follow-up 
radiograph at 3 months. (E) Follow-up radiograph at 12 months follow-up. 
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APPENDIX K 
 
  
A	 C	B	
Case 12. Incomplete healing category. Maxillary left central incisor of an 8 years old male with history of sinus 
tract. Size of apical radiolucency considerably decreased but not completely resolved with no obvious increase in 
root development. (A) Pre-operative periapical radiograph. (B) MTA placement as a capping material at 4 weeks 
follow-up. (C) Follow-up radiograph at 12 months. (D) Clinical picture of bleeding initiation using k-file. (E) 
Clinical picture of Blood clot formation. (F) Clinical picture of MTA placement 
D	 E	 F	
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APPENDIX L 
 
  
A	 C	B	 D	
E	
Case 13. Complete healing category. Maxillary left central incisor of an 11 years old male with history of pain 
on percussion. Apical radiolucency completely resolved with considerable root growth in width and thickness. 
(A) Pre-operative periapical radiograph. (B) MTA placement as a capping material in the central incisor at 4 
weeks follow-up. (C) Follow-up radiograph at 3 months. (D) Follow-up radiograph at 12 months follow-up. (E) 
Follow-up radiograph at 36 months. 
		
43	
APPENDIX M 
 
  
A	 C	B	 D	
Case 14. Complete healing category. Maxillary left central incisor of an 11 years old male. Apical radiolucency 
completely resolved with considerable root growth in width and thickness. (A) Pre-operative periapical 
radiograph. (B) MTA placement as a capping material at 4 weeks follow-up. (C) Follow-up radiograph at 3 
months. (D) Follow-up radiograph at 12 months follow-up. (E) Follow-up radiograph at 36 months. 
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APPENDIX N 
 
  
Case 15. Complete healing category. Mandibular left first molar of a 10 years old male with history of pain on 
percussion. Apical radiolucency completely resolved with considerable root growth in width and thickness. (A) 
Pre-operative periapical radiograph. (B) MTA placement as a capping material at 4 weeks follow-up. (C) 
Follow-up radiograph at 3 months (D) Follow-up radiograph at 12 months.  
A	 C	B	
D	
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APPENDIX O 
 
  
A	 C	B	
Case 16. Complete healing category. Maxillary right central incisor of a 9 years old male. Apical radiolucency 
completely resolved with considerable root growth in length and thickness. (A) Pre-operative periapical 
radiograph. (B) Bioceramic placement as a capping material at 4 weeks follow-up. (C) Follow-up radiograph at 
3months. (D) Follow-up radiograph at 12 months. (E) Follow-up radiograph at 36 months. 
D	
E	
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APPENDIX P 
 
  
Case 17. Complete healing category. Mandibular right second premolar of an 8 years old male with history of 
sinus tract. Apical radiolucency completely resolved with considerable root growth in width and thickness. (A) 
Pre-operative periapical radiograph. (B) MTA placement as a capping material at 4 weeks follow-up. (C) 
Follow-up radiograph at 3 months (D) Follow-up radiograph at 12 months. (E) Follow-up radiograph at 36 
months. 
A	 C	B	
D	 E	
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APPENDIX Q 
 
  
A	 C	B	
Case 18. Incomplete healing category. Maxillary right central incisor of a 9 years old male. Apical radiolucency 
completely resolved with no obvious increase in root growth (A) Pre-operative periapical radiograph. (B) MTA 
placement as a capping material at 4 weeks follow-up. (C) Follow-up radiograph at 3 months. (D) Follow-up 
radiograph at 12 months.  
D	
		
48	
APPENDIX R 
 
  
A	 C	B	
Case 19. Complete healing category. Maxillary left central incisor of an 8 years old male. Apical radiolucency 
completely resolved with considerable root growth in width and thickness. (A) Pre-operative periapical 
radiograph. (B) Bioceramic placement as a capping material at 4 weeks follow-up. (C) Follow-up radiograph at 
4 months. (D) Follow-up radiograph at 12 months. (E) Intra-oral radiograph of the maxillary central incisors.   
(F) Clinical picture of blood clot formation. (G) Clinical picture of Bioceramic placement 
D	
E	 F	 G	
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APPENDIX S 
 
  
Case 20. Incomplete healing category. Maxillary right lateral incisor of a 10 years old male. Apical radiolucency completely 
resolved with no obvious increase in root growth (A) Pre-operative periapical radiograph. (B) Bioceramic placement as a 
capping material at 4 weeks follow-up. (C) Clinical picture of blood clot formation. (D) & (E) Clinical pictures of 
Bioceramic placement  
A	 B	
C	 D	 E	
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APPENDIX T 
 
  
Case 21. Incomplete healing category. Maxillary left central incisor of a 7 years old male with history of sinus tract. Apical 
radiolucency completely resolved with no obvious increase in root growth (A) Pre-operative periapical radiograph. (B) 
Bioceramic placement as a capping material at 4 weeks follow-up. (C) Follow-up radiograph at 3 months. (D) Follow-up 
radiograph at 12 months.  (E) Clinical picture of blood clot formation. (F) & (G) Clinical pictures of Bioceramic 
placement.  
A	 C	B	 D	
E	 F	 G	
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APPENDIX U 
 
  
Case 22. Complete healing category. Maxillary right second premolar of a 15 years old male with history of 
sinus tract. Apical radiolucency completely resolved with considerable root growth in width and thickness. (A) 
Pre-operative periapical radiograph. (B) Calcium hydroxide dressing in the first visit. (C) MTA placement as a 
capping material at 4 weeks follow-up. (D) Follow-up radiograph at 12 months.  
A		 B		 C		
D		
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APPENDIX V 
 
  
Case 23. Incomplete healing category. Maxillary left central incisor of a 13 years old male with history of pain 
on percussion. Size of apical radiolucency considerably decreased but not completely resolved with increase in 
root width only. (A) Pre-operative periapical radiograph. (B) Calcium hydroxide dressing in the first visit. (C) 
Bioceramic placement as a capping material at 2 weeks follow-up. (D) & (E) Follow-up radiograph at 4 months. 
(F) Follow-up radiograph at 8 months. Patient started complaining from the lateral incisor and root canal was 
completed. (G) & (H) Follow-up radiograph at 12 months. 
 
A	 D	C	B	
G	F	E	 H	
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APPENDIX W 
 
  
Case 24. Complete healing category. Mandibular left second premolar of a 13 years old male with history of sinus tract. 
Apical radiolucency completely resolved with considerable root growth in width and thickness. (A) Pre-operative 
periapical radiograph. (B) MTA placement as a capping material at 2 weeks follow-up. (C) Follow-up radiograph at 6 
months (D) Follow-up radiograph at 12 months.  
A	 C	B	
D	
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APPENDIX X 
 
  
Case 25. Complete healing category. Mandibular right second premolar of a 13 years old male with history of sinus tract. 
Apical radiolucency completely resolved with considerable root growth in width and thickness. (A) Pre-operative 
periapical radiograph. (B) MTA placement as a capping material at 2 weeks follow-up. (C) Follow-up radiograph at 6 
months (D) Follow-up radiograph at 12 months.  
A	 C	B	
D	
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APPENDIX Y 
 
  
A	 C	B	
Case 26. Incomplete healing category. Maxillary left lateral incisor of a 14 years old female with history of sinus 
tract. Size of apical radiolucency considerably decreased but not completely resolved with no obvious increase in 
root growth. (A) Pre-operative periapical radiograph. (B) Bioceramic placement as a capping material at 2 weeks 
follow-up. (C) Follow-up radiograph at 6 months. (D) Follow-up radiograph at 12 months.  
D	
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APPENDIX Z 
  
Case 27. Complete healing category. Maxillary left central incisor of a 15 years old male. Apical radiolucency 
completely resolved with considerable root growth in width and thickness. (A) Pre-operative periapical 
radiograph. (B) Calcium hydroxide dressing in the first visit. (C) MTA placement as a capping material at 3 
weeks follow-up. (D) Follow-up radiograph at 12 months.  
 
A	 D	C	B	
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APPENDIX AA 
 
Case 28. Failure category. Maxillary left central incisor of an 11 years old male with history of sinus tract. Size 
of apical radiolucency remained the same with no obvious changes in root growth. (A) Pre-operative periapical 
radiograph. (B) Calcium hydroxide dressing in the first visit. (C) MTA placement as a capping material at 3 
weeks follow-up. (D) Follow-up radiograph at 12 months.  
 
A	 D	C	B	
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DATA COLLECTION FORM  	
Regenerative	Endodontics:	Clinical	review	of	cases	and	success	rate		
Part	A	
Q1.		 Age	(in	years):				______________________________________	
Q2.		 Sex:	
o Male	 o Female	
Q3.	 Ethnicity/race	
o White	 o Asian	
o Black,	African	American		 o Caucasian	
o Hispanic,	Latino	 o Others:	_____________________________	
Q4.		 Medical	History:	
List	any	major	illnesses,	operations	or	hospitalizations	below:	1. ______________________________	2. ______________________________	3. ______________________________	4. ______________________________	
Current	medications:	1. ______________________________	2. ______________________________	3. ______________________________	4. ______________________________		
Q5.	Type	of	insurance	provided	at	the	time	of	the	treatment	
o Private	 o State		
	
	
	
		
63	
Part	B	
Q6.	Tooth	location	
o Mandibular	 o Maxillary		
Q7.	Tooth	type	
o Anterior	 o Posterior	
Q8.	Presence	of	any	clinical	symptoms	at	the	time	of	the	diagnosis	
o Yes	
o No	If	yes,	please	select	all	that	applies:	
o Pain	on	cold	 o Others:	____________________	
o Pain	on	hot	 	
o Pain	on	biting	 	
o Spontaneous	pain	 	
Q9.	Type	of	radiograph	taken	before	treatment	(please	select	all	that	applies)	
o Periapical		 o CBCT		
o Bitewing	 o Others:	__________________	
o Panoramic		 	
Q10.	Could	any	other	treatment	be	done	for	this	case?	
o Yes	
o No	If	yes,	please	specify:	
o Root	canal	treatment		
o Apexification		
o Extraction	
o Others:	____________________	
Q11.	Type	of	anesthesia	used	
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o Xylocaine	1:100,000	 o Marcaine		
o Xylocaine	1:50,000	 o Mepivacaine	
o 3%	Polocaine		 o Others:	_________________________	
o Septocaine	 	
Q12.	Type	of	intracanal	medicament	used	
o CAOH	
o Triple	antibiotic	paste	
o Double	antibiotic	paste	
o Others:	_________________________	
Q13.	Timing	of	1st	recall	
o 1	week	
o 2	weeks	
o 3	weeks	
o 4	weeks	
Q14.		Presence	of	any	clinical	symptoms	at	the	time	of	the	1st	recall	visit	
o Yes	
o No	If	yes,	please	select	all	that	applies:	
o Pain	on	cold	 o Others:	____________________	
o Pain	on	hot	 	
o Pain	on	biting	 	
o Spontaneous	pain	 	
	
	
Q15.	Choice	of	blood	clot	or	any	other	scaffolds	for	the	regenerative	procedure		
o Platelet	Rich	Plasma	(PRP)	
o Platelet	Rich	Fibrin	(PRF)	
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o Autologous	Fibrin	Matrix	(AFM)	
o Others:	____________________________	
Q16.	Type	of	capping	material	used	
o MTA	
o Bioceram	
o Others:	___________________________	
Q17.	Recall	time	frame	
o 1	year	
o 2	years	
o 3	years	or	more		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
66	
Part	C	
Follow	up	
Clinical	and	radiographic	examinations	showed	the	following	
1. No	clinical	symptoms	of	pain,	soft	tissue	swelling	or	sinus	tract	
o Yes		 o No	
2. Type	of	radiograph	taken	at	time	of	recall	(please	select	all	that	applies)	
o Periapical		 o CBCT	
o Bitewing	 o Others:	__________________	
o Panoramic		 	
3. Resolution	of	the	apical	radiolucency		
o Yes		 o No	
4. Increased	width	of	root	walls		
o Yes		 o No	
5. Increased	root	length		
o Yes		 o No	
6. Positive	pulp	vitality	test	response	
o Yes		 o No		
 

 
 
 
         
 
 
 
 
 
